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Analysis of Differential Item Functioning in
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The usefulness of three IRT-based methods and the
Mantel-Haenszel technique in evaluating the measure-
ment equivalence of translated assessment instruments
was investigated. A 15-item numerical test and an 18-
item reasoning test that were originally developed in
English and then translated to French were used. The
analyses were based on four groups, each containing
1,000 examinees. Two groups of English-speaking ex-
aminees were administered the English version of the
tests; the other two were French-speaking examinees
who were administered the French version of the tests.
The percent of items identified with significant differ-
ential item functioning (DIF) in this study was similar
to findings in previous large-sample studies. The four
DIF methods showed substantial consistency in identi-
fying items with significant DIF when replicated. Sug-
gestions for future research are provided. Index
terms: area measures, differential item functioning,
item response theory, language translations, Lord’s X2,
Mantel-Haenszel procedure.

When tests are adapted from the language and
culture in which they were developed to another
language, the measurement equivalence of the
adapted instrument should be assessed. The origi-
nal and adapted instruments may not be equivalent
because (1) the meaning of the test items may have
been inadvertently altered in the translation process
and/or (2) the test items may not be equally rel-
evant in the different linguistic and cultural groups.
In the past, some cross-cultural researchers (Brislin,
1980, 1986) have argued that the conscientious
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implementation of standard translation procedures
(i.e., back-translation and decentering) along with
a variety of classical test theory (CTT) analyses
(Gulliksen, 1950; Lord & Novick, 1968) of exam-
inee responses will produce accurate linguistic
translations that result in equivalent scales.

The use of CTT methods in these situations is

problematic. Although CTT methods are considered
appropriate for making within-group (or population)
comparisons, they are inappropriate for making
comparisons across groups (or populations) because
of their population dependency. Consequently, al-
though standard translation procedures and tradi-
tional statistical analyses may be necessary first
steps, they are not sufficient to ensure measurement
equivalence (Hulin, Drasgow, & Parsons, 1983).
Therefore, different criteria and methods are needed
to assess the quality of translated tests. Item response
theory (IRT; Lord, 1980) is a framework that avoids
the serious deficiencies inherent in CTT and there-
fore has several advantages in assessing measure-
ment equivalence in translated tests.

Within the IRT framework, Drasgow has defined
measurement equivalence as a property that exists
&dquo;... when the relations between observed test scores
and the latent attribute measured by the test are iden-
tical across subpopulations&dquo; (Drasgow, 1984, p. 134).
For translated assessment instruments, tests are said
to exhibit measurement equivalence when individu-
als who are equal in the trait measured by the test but
who come from different cultural and linguistic
groups have the same observed score. Unless equiva-
lent assessment instruments are used, it is uncertain
whether score differences represent group differences
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and similarities or measurement artifacts.
Statistical methods based on IRT make it possible

to identify items in translated tests that do not func-
tion in the same way for the two linguistic groups
under study. These items are said to display differ-
ential item functioning (DIF). Measurement equiva-
lence can be achieved by identifying and eliminating
DIF items from the test.

To date, only a relatively small number of studies
have applied IRT-based DIF analysis to assess the
measurement equivalence of translated assessment
instruments (Candell & Hulin, 1987; Candell &

Roznowski, 1984; de Vera, 1985; Drasgow & Hulin,
1989; Drasgow & Lissak, 1983; Ellis, 1989, 1991;
Ellis, Minsel, & Becker, 1989; Hulin, Drasgow, &

Komocar, 1982; Hulin & Mayer, 1986; Osberg, Scott,
& Raju, 1985). Some of these IRT analyses were based
on small samples and, in others, there was only lim-
ited control over the linguistic abilities of the samples
used. Therefore, the major purpose of this study was
to further investigate the measurement equivalence
of translated assessment instruments with IRT-based
DIF methods using adequate sample sizes and with
better control over the linguistic ability of the sam-
ples. Because of their current popularity (Millsap &

Everson, 1993), three different IRT-based methods
were used in this study for assessing DIF: the signed
area (SA) method (Raju, 1988, p. 496), unsigned area
(UA) method (Raju, 1988, p. 496), and Lord’s (1980)
x2 (LC) method. The exact area methods (Raju, 1988,
1990) compare the area between the item response
functions estimated in two different groups, whereas

LC tests whether estimates of item parameters from
the two groups are equal.
A secondary purpose was to examine the useful-

ness of the Mantel-Haenszel (1959; MH) technique
in assessing the measurement equivalence of trans-
lated assessment instruments. The MH statistic is a

non-IRT based method for assessing DIF (Dorans &

Holland, 1993; Holland & Thayer, 1988; Raju, Bode,
& Larsen, 1989), and it is very easy to use in prac-
tice. However, the usefulness of this technique in
assessing the measurement equivalence of translated
assessment instruments has not been studied. If MH-

based DIF analysis could be used instead of IRT-based
DIF analysis in assessing measurement equivalence

in translated assessment instruments, then one of the
practical disadvantages of IRT-based analysis-the
need for large sample sizes-would be eliminated.

Method

Instruments

Two tests from a non-commercially available,
professionally developed general cognitive ability
test battery used in the federal Canadian Govern-
ment were studied in this investigation (additional
information about these tests may be obtained from
the first author). The test battery is designed to as-
sess examinee potential to perform basic adminis-
trative tasks such as planning, decision-making,
analyzing and solving numerical problems, evalu-
ating information (reasoning), and recognizing ef-
fective communication. The paper-and-pencil,
group-administered test battery contains a total of
65 multiple-choice items and is available in both
English and French. Only the 15-item Numerical
Test and the 18-item Reasoning Test were used in
this study.

The items were translated using a multistage trans-
lation process involving a team of professional trans-
lators and a committee of bilingual psychologists.
This process was derived from integrating several of
the traditional translation procedures described in
Brislin (1980) and new methods to handle the unique
problems associated with accurately translating psy-
chological scales and items. All items were origi-
nally developed in English and then were translated
into French by a team of translators. A committee of
bilingual test development experts then reviewed the
English and French versions of each item for lin-
guistic equivalence. This committee was briefed on
the purpose of the test and was provided with the
test specifications, the ability each item was designed
to assess and, when available, the reason for specific
item distractors. The committee made revisions as

required, and then both language versions of the test
were pretested using an appropriate sample. Follow-
ing the pretest, the committee of bilingual test devel-
opment experts reviewed the English and French
versions of each item taking the pretest item analy-
sis data into consideration. The necessary linguistic
revisions to the French items were then made.
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Examinees

The available database contained 16,362 exam-
inees who were administered one of the language
versions of the test battery as part of an ongoing
operational assessment program. The tests were
administered between July, 1986 and March, 1991.
Four samples containing examinees who met the
following two conditions were created: (1) the
examinee’s native language matched the language
version of the test he/she was administered, and (2)
the examinee resided in a location in Canada in

which the linguistic dominance of the environment
matched the language version of the test he/she was
administered. The purpose of these conditions was

to provide some control over the linguistic profi-
ciency and &dquo;cultural purity&dquo; of the examinees in-
cluded in the samples.

The following four samples were generated by
randomly selecting examinees without replacement
from the total database so that the samples would
be independent. English Sample 1 (EI) contained
1,000 examinees who had been administered the

English version of the test and met the two criteria
described above. English Sample 2 (E2) was simi-
lar to E1, also with 1,000 examinees. French Sample
1 (FI) contained 1,000 examinees who had been
administered the French version of the test and met

the above criteria. French Sample 2 (F2) was simi-
lar to F1, also with 1,000 examinees.

There were 286 males and 714 females in El; 270

males and 730 females in E2. Fl contained 470 males

and 530 females; F2 contained 491 males and 509
females. The average age of examinees in E1, E2, Fl,
and F2 was 34.1, 34.5, 32.5, and 32.1 years, respec-
tively, and the corresponding average years of edu-
cation were 14.3, 13.3, 12.6, and 14.9.

Sample Comparisons

Separately for both the Numerical Test and the
Reasoning Test, the following four comparisons
were made using the three iRT-based procedures (SA,
UA, and LC) and the MH technique for identifying
DIF: Comparison I-El versus Fl, Comparison 2-
E2 versus F2, Comparison 3-E1 versus E2, and Com-
parison 4-F1 versus F2. To the extent that DIF in

translated assessment instruments is measured con-

sistently within and across the IRT and MH meth-
ods, approximately the same items should be
identified as having significant DIF in Comparisons
1 and 2 and no items should be found to exhibit

significant DIF in Comparisons 3 and 4. This pat-
tern of results should be found for both the Numeri-
cal Test and the Reasoning Test.

Because different investigators may use different
DIF methods in practice, agreement among the meth-
ods was examined separately for the Numerical and
Reasoning Tests across all four comparisons. This
type of convergence analysis has not been previously
conducted in the context of translated assessment

instruments. The total number of items identified with

significant DIF was determined for each of the four
DIF methods, and then the number of common items
identified between methods was determined.

Because it was impossible to state which items
were truly DIF items in this study, in order to maxi-
mize the probability of identifying only items with
true DIF, the results from the MH method and the

three IRT-based DIF analyses were examined by com-
bining the results of Comparisons 1 and 2. In this
analysis, only those items that displayed significant
DIF in both Comparisons 1 and 2 were identified as
items with significant DIF. Agreement among the
four DIF methods was evaluated using these repli-
cated results.

Computation of DIF: IRT Procedures

Unidimensionality. The English and French
versions of both the Numerical and Reasoning Tests
were separately factor analyzed, using principal
components analysis (PCA), to determine the degree
to which the items formed unidimensional sets.
Reckase’s (1979) eigenvalue criterion for assess-
ing unidimensionality was used. The English ver-
sions of the two tests were analyzed using the El
sample and the French versions of the two tests were
analyzed using the Fl sample.

Estimation of item parameters. The 15-item

Numerical Test and the 18-item Reasoning Test were
calibrated separately for each test and sample (El,
E2, F1, andF2) using BILOG 3 (Mislevy & Bock, 1990).
Because of the estimation problems associated with
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the c parameter in the three-parameter logistic model
(Lord, 1980), the two-parameter logistic model
(2PLM; Lord, 1980, pp. 12-13) was used. The de-
fault option in BILOG 3, marginal maximum a poste-
riori (MMAP) estimation, was used in each of the eight
calibrations. Mislevy and Bock indicate that no de-
pendable, formal test currently exists to assess the
goodness of fit of the IRT model to the data for short
tests (11 to 20 items). However, they suggest that
useful information about the fit of individual items

may be obtained by inspecting standardized poste-
rior residuals.

Linking of item parameter estimates. The item

parameter estimates were transformed as follows
for both tests across each of the four comparisons:
Comparison I-estimates from the Fl sample were
transformed to the scale underlying the EI sample;
Comparison 2-estimates from F2 were transformed
to the E2 scale; Comparison 3-estimates from E2
were transformed to the El scale; Comparison 4-
estimates from F2 were transformed to the Fl scale.

Because IRT-based DIF analysis requires that the
estimated item parameters from the two subpopu-
lations [commonly referred to as the reference and
focal groups (Holland & Wainer, 1993)] be put on
a common scale prior to any DIF analysis, the test
characteristic curve procedure of Stocking & Lord

(1983), as implemented in the EQUATE computer
program (Baker, 1993), was used. In order to mini-
mize the effects of biased items on item parameter
rescaling and DIF detection, an iterative application
of EQUATE was used. This iterative procedure, de-
scribed in Candell & Drasgow (1988), is compu-
tationally less intensive than the noniterative &dquo;puri-
fication&dquo; approach of Lord (1980) and appears to
lead to more accurate detection of DIF (Candell &

Drasgow, 1988; Kim & Cohen, 1992; Park & Lau-

tenschlager, 1990).
Statistical tests for DIF indexes. Using the trans-

formed item parameter estimates obtained in the pre-
vious step for each comparison and separately for
each test, SA and UA were computed using Raju’s
(1988) equations. Raju’s (1990) z statistics for SA
and UA were computed to identify items with sig-
nificant DIF. For the z statistics associated with SA
and UA, a two-tailed test of z < -2.58 or z > +2.58

(a = .O 1 ) was used to identify items with significant
DIF.

LC for the equality of the a and b parameters was
computed for each item using the transformed item
parameter estimates (Hulin et al., 1983). A x2 of
9.21 [a = .01 with 2 degrees of freedom (of )] was
used to identify items with significant DIF.

Computation of DIF: MH procedure

As with other X2 procedures, MH compares the
performance of two subpopulations on each item
across different score groups. Similar to the IRT-based

analysis, MH x2 statistics were computed for each item
across each of the four comparisons to identify which
items had significant DIF. A total of eight MH-based
DIF analyses, with no iterative purification, were con-
ducted. The item under consideration was included
in forming the score groups, and each possible total
number-correct score was used to define a separate
score group. A x2 of 6.63 (a = .01, 1 df ) was used to
identify items with significant DIF.

Results

The number-correct score summary statistics for

E1, E2, PI, and F2 on the Numerical and Reasoning
Tests are shown in Table 1. The number-correct score

means, standard deviations (SDs), and the Kuder-
Richardson Formula 20 (KR2o) estimates of reliabil-
ity on the Numerical Test were approximately the
same across the four samples. The number-correct
score means, SDs, and ~cR2os on the Reasoning Test
were also similar across the four samples.

Table 1

Mean, Standard Deviation (SD), and KR20
for Two English and Two French Samples

on the Numerical and Reasoning Tests

Unidimensionality

For El, the PCA of the English version of the
Numerical Test yielded six eigenvalues larger than
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1.00, with the largest eigenvalue of 3.34 account-
ing for 22.3% of the total variance. Analysis of the
English version of the Reasoning Test yielded seven
eigenvalues greater than 1.00, with the largest eigen-
value of 3.50 accounting for 19.5% of the total vari-
ance.

For Fl, the PCA of the French version of the Nu-
merical test yielded three eigenvalues greater than
1.00, with the largest eigenvalue of 3.54 account-
ing for 23.6% of the total variance. Analysis of the
French version of the Reasoning Test yielded six
eigenvalues greater than 1.00, with the largest eigen-
value of 3.03 accounting for 16.8% of the total vari-
ance.

The PCAS, using interitem tetrachoric correlations,
yielded similar structures for both the English and
French versions of the Numerical and Reasoning
Tests. The percent of total variance associated with
the largest eigenvalue for both language versions of
the Reasoning Test did not quite meet Reckase’s
minimum criterion of 20% for unidimensionality
(Reckase, 1979), but a scree test (Tatsuoka, 1988)
suggested that there was a single dominant factor in
both tests. Nevertheless, there is evidence that cer-
tain IRT models can be applied to moderately hetero-
geneous item sets (Drasgow & Parsons, 1983).

IRT Calibrations

Because the Numerical and Reasoning Tests con-
tained less than 20 items, the standardized poste-
rior residuals rather than the x2s (for goodness of
fit) generated by BILOG 3 were reviewed for deter-
mining the overall fit of the items. Following the
recommendation of Mislevy & Bock (1990, pp.
1-10, 4-27), residual values greater than 2.0 along
with their posterior weights were taken to indicate
lack of fit between the 2PLM and the data.

For the Numerical Test, only Item 8 did not fit the
2PLM in both French samples, and Items 8, 10, and
15 did not fit the 2PLM in both English samples. On
the Reasoning Test, only Item 3 did not fit the 2PLM
in both French samples and Item 10 did not fit the
2PLM in both English samples. The overall fit of the
items in the Numerical and Reasoning Tests to the
2PLM was considered adequate across the two En-
glish and two French samples and, therefore, all items

in both tests were included in subsequent analyses
for DIF.

DIF Indexes for the Numerical Test

The D~ statistics for Comparisons 1 and 2 are
provided in Table 2. For each item, Table 2 shows
the SA and UA and the associated z statistics, LC,
and the MH statistics (a and x2). The expected MH a
for an item with no DIF is 1.0; significant devia-
tions from this expected value will typically lead to
significant MH X2 values. In each of the four com-
parisons, items with significant DIF are identified
with an asterisk. Results from Comparisons 3 and
4 are not presented here because there were no items
with significant DIF.

SA identified four items with significant DIF in
Comparison 1 and five items with significant DIF in
Comparison 2 (Table 2). Four of these items (Items
5 and 7-9) were common to both comparisons. UA
identified four and five items with significant DIF in
Comparisons 1 and 2, respectively, and three items
(Items 7-9) were common to both comparisons.
Similarly, LC identified six items with significant DIF
in each comparison, with five items (Items 5, 7-9,
and 13) common to both comparisons. MH identified
seven items with significant DIF in Comparison 1
and six items with significant DIF in Comparison 2.
Five of these items (Items 5,7-9, and 13) were com-
mon to both comparisons. Finally, in Comparison 1,
27%, 27%, 40%, and 47% of numerical items had
significant DIF, respectively, for SA, UA, LC, and MH;
respective results for Comparison 2 were 33%, 33%,
40%, and 40%.

Table 3 shows the degree of overlap between the
four DIF procedures. Note that in this overlap analy-
sis, only items that showed significant DIF in both
comparisons were considered in order to optimize
the probability of including only &dquo;truly&dquo; biased
items. The numbers in the diagonal refer to the num-
ber of items identified as biased by a D~ method
across both comparisons. UA identified the small-
est number of items (3) as having significant DIF.
The same three items (Items 7-9) also were identi-
fied as having significant DIF by the other three
methods. LC and MH identified the largest number
of items (5) as having significant DIF; also, the same
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Table 2
DIF Indexes for Comparisons 1 and 2 on the Numerical Test

*Statistically significant at the .01 level.

five items (Items 5, 7-9, and 13) were identified by
both procedures. SA identified one more item (Item
5) as having significant DIF than did UA.

Table 3
Number and Overlap of Common DIF Items

Across Methods in the Numerical Test

*Number of items identified as biased in

Comparisons 1 and 2 (see Table 2).

DIF Indexes for the Reasoning Test

The DIF statistics for the Reasoning Test are
shown in Table 4 for Comparisons 1 and 2. Data
from Comparisons 3 and 4 for the Reasoning Test
are not provided because no items were identified
as having significant DIF.

SA identified eight items with significant DIF in
Comparison 1 and six items with significant DIF in
Comparison 2 (Table 4). Six of the items (Items 2,
7, 8, 12, 15, and 18) were common to both compari-
sons. UA identified ten items with significant DIF in
Comparison 1 and two items with significant DIF in
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Table 4
DIF Indexes for Comparisons 1 and 2 on the Reasoning Test

*Statistically significant at the .01 level.

Comparison 2; two of the items (Items 2 and 7) were
common to both comparisons. LC identified eight
(Comparison 1) and seven (Comparison 2) items
with significant DIF, with six items (Items 2, 6, 7,
and 10-12) common to both comparisons. Finally,
MH identified ten and eight items with significant
DIF in Comparisons 1 and 2, respectively; seven of
the items (Items 1, 2, 6, 7, and 10-12) were com-

mon to both comparisons.
Table 5 shows the amount of overlap between

the four DIF procedures. As in the case of the Nu-
merical Test, only items that showed significant DIF
in both comparisons were included in this analysis.
UA identified the fewest items (2) as biased, whereas
MH identified the most items (7) as biased. The two
items (Items 2 and 7) that were identified as biased
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by UA also were identified as biased by the other
three DIF techniques. All six items identified as bi-
ased by LC also were identified as biased by MH. SA
identified six items (Items 2, 7, 8, 12, 15, and 18)
as having significant DIF, of which only three items
(Items 2, 7, and 12) were common to MH and LC.

Table 5
Number and Overlap of Common DIF Items

Across Methods in the Reasoning Test

*Number of items identified as biased in

Comparisons 1 and 2 (see Table 4).

Discussion

Consistency in Detecting DIF

Consistency in detecting significant DIF across
samples is necessary for a method to provide useful
information. It was expected that in Comparisons 1
and 2 approximately the same items would be iden-
tified with significant DIF within each of the statisti-
cal methods, and that no items exhibiting significant
D~ would be found in Comparisons 3 and 4. Data in
Table 2 for the Numerical Test and in Table 4 for the

Reasoning Test show that the overlap in items with
significant D~ in Comparisons 1 and 2 was relatively
high for each method, except for the UA analysis of
the Reasoning Test in which the overlap was low. As
expected, none of the methods revealed significant
D~ in Comparisons 3 and 4.

Further examination of the UA analysis of the
Reasoning Test showed that 10 items were identi-
fied with significant DIF in Comparison 1, whereas
only two items were detected in Comparison 2. The
two items detected in Comparison 2 were also de-
tected in Comparison 1. It was expected that the UA
method would produce results similar to those ob-
tained with LC; therefore, it was surprising that the
largest difference occurred using this method. In
previous studies (Cohen & Kim, 1993; Raju,
Drasgow, & Slinde, 1993), UA and LC produced
similar results.

Correspondence Between Methods

When several DIP methods are available for the
detection of measurement nonequivalence at the item
level, it is useful to know the degree to which the
different methods yield similar results. Therefore,
correspondence between the different methods was
examined by determining the number and overlap
of items identified with significant D~ in Compari-
sons 1 and 2, separately for the Numerical and Rea-
soning Tests. The four methods identified between
four and seven items with significant D~ on the Nu-
merical Test and between two and ten items on the

Reasoning Test. In general, the MH procedure de-
tected the most items with significant DIF, followed
by LC, and then followed by SA and uA.

With respect to the area methods, Raju (1988)
indicated that SA reflects only the difference in the
bs (in the 2PLM), whereas UA reflects the differences
in both a and b. Consequently, it should be expected
that items with significant SA would also have sig-
nificant UA and, in general, there should be at least
as many items with significant UA as there are with
significant SA. In this study, the expected pattern
was evident in three of the four analyses; however,
in Comparison 2 on the Reasoning Test, SA detected
six items with significant DIF, whereas UA detected
only two items.

Swaminathan & Rogers (1990) found that MH
identified uniform DIF quite well, but it was less
successful in detecting nonuniform DIF. In other
words, items that differed in the a parameter were
not consistently identified as biased by MH. This
was not the case here. MH consistently identified
more items with significant D~ on both the Numeri-
cal and Reasoning Tests than any of the three IRT-
based methods. According to Millsap & Everson

(1993), the MH technique may have an inflated a
problem, especially when the total number of items
in a test is less than 20.

The agreement between MH and LC was substan-
tial. In the Numerical Test, both methods identified
the same five items as having significant DIF (Table
3); in the Reasoning Test, six items that were iden-
tified as biased with LC were also identified as bi-
ased with MH. At least in this application (fidelity
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of language translations), MH and Lc appear to iden-
tify mostly the same items as biased.

Item Review by the Translation
Review Committee

A follow-up analysis of DIF was undertaken by
a review committee. The purpose of this special
analysis was to assess the degree to which the re-
view committee agreed with the statistical tech-
niques in identifying DIF. This type of review is
essential for diagnosing the underlying causes of
DIF and hopefully controlling for them in future
translations of assessment instruments.
A review committee comprised of two bilingual

psychologists and an expert translator was established
to review and rate the translation quality of 13 of the
33 items evaluated in this study (6 of the 15 items
from the Numerical Test and 7 of the 18 items from
the Reasoning Test). Each member of the translation
review committee independently compared the En-
glish version of an item to the French version and
rated the quality of the translation using a five-point
scale: 1 = major problems, 2 = some major prob-
lems, 3 = minor problems, 4 = acceptable, and 5 =

fully acceptable. In rating the items, the committee
members examined carefully the linguistic equiva-
lence and the cultural appropriateness of words and
expressions to ensure equivalence. Three items with
the most similar item response functions (two items

from the Numerical Test and one item from the Rea-

soning Test) and ten items with the greatest D~ in-
dexes in one or both comparisons (four items from
the Numerical Test and six items from the Reason-

ing Rest) were selected for this review. The items
were arranged in the same random order for each
committee member.

Results of this review are provided in Table 6.
The translator (Reviewer 3) rated all items as ac-
ceptable (4) or fully acceptable (5). The bilingual
psychologists rated as acceptable or fully accept-
able the three items that displayed measurement
equivalence (i.e., no significant DIF detected-Items
1 and 15 on the Numerical Test and Item 14 on the

Reasoning Test). Of the 10 items included in the
review that were identified as having significant DIF,
one bilingual psychologist (Reviewer 1) rated five
of these items as having minor to major problems,
whereas the other bilingual psychologist (Reviewer
2) rated four items as having minor to major prob-
lems. Reviewers 1 and 2 (the bilingual psycholo-
gists) gave their lowest ratings to the same three
items (Item 8 from the Numerical Test and Items 1
and 2 from the Reasoning Test).

The fact that the statistical procedures identified
many more items as problematic than did the re-
view committee cannot be taken as evidence against
the usefulness of the statistical procedures. It seems
more likely that traditional expert analysis may not

Table 6
Results of Item Review by the Translation Review Committee
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be sufficient to detect all the nuances and subtleties

of language that could contribute to the measure-
ment nonequivalence of translated tests. Results of
this special analysis also suggest that successful
translation may require the use of individuals who
not only are bilingual but who have knowledge in
test and item development.

Comparison to Previous Studies

Table 7 provides a summary of results found in
this study and previous studies applying IRT-based
procedures for identifying DIF in translated assess-
ment instruments. These studies all used unilingual
samples. Table 7 shows that across the previous
studies the number of items identified with signifi-
cant DIF ranged from a low of 1.5% to a high of
64%. Because Lord’s 11t’r-based procedure was used
to detect DIF in most of the previous studies, only
results from LC were used in this analysis. In the
current study, 40% of the items on the Numerical
Test were identified with significant DIF in both
Comparisons 1 and 2; on the Reasoning Test, 44%
were identified in Comparison 1 and 39% in Com-
parison 2. Although the previous studies differ from
each other and with the current study in many re-
spects, given the comprehensive translation process
used in this study and the control used in selecting
the samples, it was expected that the percent of items
identified as having significant DIF in this study
would be lower than in previous studies, which
tended to be somewhat less rigorous in these re-
spects. The percent of items identified as having
significant DIF in this study tended to be in the
midrange.

There are several possible reasons why more
items than expected were identified as having sig-
nificant DIF in this study. First, as indicated earlier,
the unidimensionality assumption and the fit of the
data to the IRT model were only marginally met. As
shown in Table 1, the test reliabilities were low.
These conditions could have had an effect on the

accurate estimation of item parameters and the sub-

sequent DIF analysis. Second, the item types con-
tained in both of the tests tended to be longer and
contained more information than most standard item

types. Given the complex nature of the items, there

may have been a greater chance for translation er-
rors to occur. Third, a review of the previous stud-
ies also suggests that the identification of items with

significant DIF may be related to sample size. In-
spection of Table 7 shows that in studies in which
the sample sizes were relatively small (e.g., Ellis,
1989, 1991 ), very few items were identified as hav-
ing significant DIF, whereas in studies that were
based on large sample sizes such as Drasgow &
Lissak (1983), Osberg et al. (1985), and the current
study, a much higher percent of items were identi-
fied with significant DIF.

Conclusions and Limitations

The results contribute to the increased under-

standing of the usefulness of IRT and MH-based DIF
analysis in evaluating the measurement equivalence
of translated assessment instruments. Although
many of the analyses in this study provided sup-
port for the usefulness of these statistical methods
in detecting DIF in translated assessment instru-
ments, some did not. These mixed findings may be
due to the following limitations.

First, the PCA of the French and English versions
of the Numerical and Reasoning Tests used in this
study indicated that the tests did not quite meet
Reckase’s criterion for unidimensionality. An as-
sumption of the 2PLM used in this study is that the
tests are unidimensional. Although Drasgow & Par-

sons (1983) reported that the 2PLM can be applied
to moderately heterogeneous item sets, violation of
this assumption could have had an effect on the
accurate estimation of the item parameters and the

subsequent DIF analysis.
Second, the fit of the data to the IRT model was

only marginally met. This problem may be related
to the first issue regarding the moderate heteroge-
neity of the tests used here. The marginal fit of the
data to the IRT model could also have had an effect
on the accurate estimation of item parameters and
the subsequent DIF analysis. In the future, a multi-
dimensional IRT model (McKinley & Reckase,
1983) could be applied to the data to determine if a
better fit between the data and the model could be
obtained and to determine the impact this would
have on the DIF analyses.

Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227.  
May be reproduced with no cost by students and faculty for academic use.  Non-academic reproduction  

requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 



319

Table 7

Summary of Previous Studies Using IRT-Based Procedures to
Assess Measurement Equivalence in Translated Tests

’Based on LC data from Comparison 1.
bBased on LC data from Comparison 2.

Third, the Numerical Test contained only 15

items, and the Reasoning Test contained 18 items.
The relatively small number of items per test affected
the KR20 estimates of reliability. The use of the num-
ber-correct score with low reliability as the match-
ing variable in forming score groups also may have
contributed to D~ identification with the MH tech-

nique.
Fourth, the statistical methods may only be use-

ful in accurately detecting DIF in certain types of trans-
lated items. Hulin & Mayer (1986), Candell & Hulin

(1987), and Drasgow & Hulin (1989) have reported
success in applying IRT in identifying DIF in an atti-

tude survey (i.e., the Job Description Index) that has
been translated into three different languages.
Drasgow & Lissak (1983), Osberg et al. (1985), Ellis
(1989), and the present study used various types of
ability items; the percent of items detected as having
significant DIF across these studies varied widely.
Future research should examine whether these sta-
tistical methods can be applied to instruments mea-
suring all types of psychological variables.
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